1. Intravenous infusions of lipid-free albumin were used to lower the arterial non-esterified fatty acids (NEFA)/albumin ratio during coronary occlusion in dogs.
Introduction
plasma non-esterified fatty acid (NEFA) concentration (Oliver, Kurien & Greenwood, 1968) . The hypothesis that this suggests-a deleterious effect of raised plasma NEFA on the ischaemic myocardium (Kurien & Oliver, 1970 )-has been supported by animal studies. Thus elevation of plasma NEFA by infusions of Intralipid and heparin during coronary occlusion in dogs increased the occurrence of ventricular arrhythmias (Kurien, Yates & Oliver, 1971) , whereas reduction of plasma NEFA with &pyridylcarbinol was associatedwith adecrease in theseverityofmyocardial ischaemic injury (Kjekshus & Mjars, 1973) . Such observations, however, provide only indirect evidence for a deleterious effect of raised plasma NEFA, and do not identify a causal relationship.
Plasma NEFA are transported in reversible association with albumin and their availability to the myocardium is related more to the NEFA/albumin ratio than to the plasma NEFA concentration (Spector, 1968; Evans, Opie & Shipp, 1963) . Attempts to raise the NEFA/albumin ratio by infusing exogenous NEFA intravenously have been complicated by haemodynamic disturbances (Riemersma, Talbot & Oliver, 1974) and thrombotic sequelae (Connor, Hoak & Warner, 1963 
Methods

Animal preparation
Experiments were performed with eleven dogs of 15-20 kg body weight, starved for 12-15 h. Each was anaesthetized with sodium pentobarbitone [0.11 mmol (25 mg)/kg], and ventilated through a cuffed endotracheal tube with a positive-pressure respirator. Thoracotomy was performed through the left fifth intercostal space and the pericardium opened. A branch of the left anterior descending coronary artery was dissected free for 0.5 cm. The left femoral artery was cannulated for measurement of mean aortic blood pressure and heart rate, the left femoral vein as a route for infusion, and the right femoral artery for blood withdrawal. The coronary sinus was catheterized under fluoroscopic guidance via the left jugular vein.
Experimental design
Adipose tissue lipolysis was stimulated by a continuous intravenous infusion of isoprenaline [1.2 nmol (0.25 pg) min-kg-'1. Five minutes after its commencement, coronary occlusion was induced with an external metal clip. Ten minutes later arterial and coronary sinus blood was sampled, mean aortic blood pressure and heart rate were measured, and recordings were made of the epicardial ECG'') from the ischaemic zone. In seven animals, NEFA-free bovine serum albumin (Sigma Chemical Co.) was infused intravenously over 1 min at the dose of 9.4 pmol(O.65 g)/kg (1.84 ml/kg of a solution containing 5.1 mmol of albumin and 0.15 mol of NaCI/I). In four dogs, a similar amount of a control albumin preparation (palmitate/albumin molar ratio, 4: l), made as described by Evans ef al. (1963) , was infused intravenously. Arterial and coronary sinus blood sampling and recordings of mean aortic blood pressure, heart rate and the epicardial ECG were repeated at 1 min intervals for 3 min after albumin infusion.
Measurements
The epicardial ECG were recorded with a mobile cotton-wick electrode from ten to fifteen sites as ( I ) Abbreviations: ECG, electrocardiogram; NEFA, nonesterified fatty acids.
described by Maroko et al. (1971) , with a Devices recorder (paper speed, 25 mm/s; sensitivity 1 mV/mm).
Results were expressed as the sum of ST segment elevations from all sites (ZST). Aortic blood pressure and heart rate were monitored with a Stratham P23GB transducer. Plasma NEFA were assayed in duplicate, by the method of Trout, Estes & Friedberg (1960) , plasma albumin by an automated Bromocresol Green-binding procedure, and serum potassium by flame photometry. Arterial oxygen saturation was monitored with a Kipp M01 Hemoreflector, and pH and Pco2 with an Astrup Micro Equipment (Radiometer).
Results
Lipid-free albumin infusion raised the plasma albumin concentration from 0.36 f 0.03 to 0.55 k 0.03 mmol/l (2.5 i 0 . 2 to 3.8 f0.2 g/100 ml; mean values ~S E M ; n = 7; P<O.001), producing a decrease in the arterial NEFA/albumin ratio (Table 1) . This was accompanied by significant reductions in both the arterial-coronary sinus difference in NEFA concentration (NEFA.-,%) and Z ST. These changes were maximum at 1 min, and then decreased as the plasma NEFA concentration rose. The percentage reduction in Z ST was positively correlated with that in NEFA/albumin ratio (r = +0.71; n = 21; P< 0.001). Epicardial ECG recordings from outside the ischaemic zone were unaltered, as were also aortic blood pressure and heart rate. Serum potassium 2 min after NEFA-free albumin (4.1 f0.2 mmol/l) was similar to that immediately before the infusion (4.2 k0.3 mmol/l).
Infusions of the control albumin preparation in four dogs increased plasma albumin from 0.38 k0.04 to 0.58k0.06 mmol/l, but had no effect on the NEFA/albumin ratio, NEFA.-,, or Z ST (Table 1) .
Discussion
During acute coronary occlusion and isoprenaline infusion in dogs, intravenous infusions of NEFAfree albumin produced simultaneous reductions in the arterial NEFA/albumin ratio and the degree of ST segment elevation in epicardial ECG recordings from the ischaemic zone. In the pooled data, the decrease in EST correlated with that in NEFA/ albumin ratio. This relation was observed in the absence of any change in haemodynamics, as e 1. Effects of intravenous albumin infusions (9.4 pmollkg over 1 min) on myocardial free fatty acid uptake, epicardial ST segment elevation and haemodynamic measurements during coronary occlusion and isoprenaline infusion in eleven dogs ults are expressed as mean valuesf SEM. NEFA,,,, arteriakoronary sinus difference in NEFA concentration; Z ST, sum of ST segment elevations at ten to en epicardial sites; MAP, mean aortic pressure; HR, heart rate. Time O=immediately before albumin infusion; other times given are relative to the completion the infusion. Statistical comparisons were performed by paired t-test against those results obtained immediately before the infusion (first column): , 1956 ). In contrast, infusions of the control albumin preparation had no effect on the NEFA/albumin ratio or Z ST, despite similar increments in plasma albumin concentration. These observations indicate that the reduction in ST elevation after NEFA-free albumin was related to the decrease in the NEFA/albumin ratio. Although plasma ionized calcium concentration was not measured in the present study, this is unlikely to have been altered by the decrease in the NEFA/albumin ratio, since the binding of calcium to albumin is independent of that of NEFA (Peters, 1970) , and none of the electrocardiographic features of altered calcium concentration was observed. On the other hand, the NEFAialbumin ratio directly determines both the concentration of unbound NEFA in extracellular fluid (Spector, 1968) and the rate of uptake of NEFA by the myocardium (Evans e t a l . , 1963), the latter having been confirmed in the present study by the reduction in NEFA .-,,which occurred after NEFA-free albumin. Evidence that high concentrations of unbound NEFA may directly disturb cell-membrane function has been provided by studies with the isolated guinea-pig heart (Wasilewska-Dziubinska, 1975 ). An effect of NEFA on cardiac energy metabolism has been supported by studies in dogs. Thus NEFA have been shown to stimulate the oxygen requirements of the heart without improving mechanical activity (Mjns, 1971) , and to inhibit the mitochondria1 translocation of adenine nucleotides during ischaemia by increasing intracellular concentrations of long-chain fatty acyl CoA esters (Shug & Shrago, 1973) .
Whatever the precise mechanism underlying the correlation between ST elevation and NEFA/albumin ratio, its demonstration supports the proposal that elevated plasma NEFA concentration may be deleterious to the ischaemic myocardium.
